GaAs with an atomic monolayer of Cs is one of the best known photoemissive materials. The results of density functional theory calculations of Cs adsorption on the GaAs(100)-(4×2) galliumterminated reconstructed surface and the GaAs(110) surface are presented in this work. Coverage of up to 4 Cs atoms/nm 2 on GaAs surfaces has been studied to predict the work function reduction and adsorption energies accurately. The high mobility of Cs atoms on the (110) surface allows formation of ordered structures, whereas the low mobility of Cs of the (100) surface causes amorphous growth.
I. INTRODUCTION II. SIMULATION METHODS AND DETAILS

A. Computational methods
All calculations are preformed using the plane-wave DFT code VASP, which utilizes the projector-augmented wave (PAW) method. [25] [26] [27] Throughout this work, the generalized gradient approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) parametrization is used. 28 The PAW potentials describe for Ga and As assume a [Ar] core and for Cs a [Kr] 4d 10 core, resulting in 3, 5, and 9 valence electrons, respectively. A plane-wave cutoff energy of 400 eV and a 4 × 4 × 1 k-point mesh ensure a convergence of the energy to 2 meV/atom.
The structures are relaxed until the forces are below 0.01 eV/Å.
B. Surface structures
The calculations for both the gallium-terminated GaAs(100)-(4 × 2) surface and the GaAs(110) surface were performed using a slab geometry with a vacuum layer of 25Å, which was found to be sufficient to make interactions between the slabs negligible. The number of atomic layers in both slabs was chosen sufficiently large to converge the surface energy to 1.3 meV/Å 2 . The work function for each surface is determined by the difference between the highest occupied band of the surface slab and the electrostatic potential in the vacuum. The vacuum potential is taken as the average electrostatic potential half-way between the periodic slabs. To accurately describe the electrostatic potential in the vacuum region, a dipole correction is added along the direction perpendicular to the slabs. The (4 × 2) surface reconstruction of the Ga terminated (100) surface exhibits a dimer reconstruction. 23 After relaxation our calculations reproduced the previously computed structural parameters to an accuracy of 1%. 23 It is important to note that in this work we use the GaAs reconstruction on both sides of the slab and do not use hydrogen termination on one side as done in previous works. 23, 31 During relaxation atoms in the four outermost layers were allowed to move and the remaining atoms were kept fixed. The GaAs(110) surface is stable and does not show any reconstruction. Nevertheless, the surface As atoms relax outwards, to a position slightly above the surface Ga atoms. 32 Our DFT calculations reproduce the same behavior. During relaxation the atoms in the two outermost layers were allowed to move and the remaining atoms were fixed to the bulk position.
To estimate the mobility of Cs atoms on GaAs surface, we calculate the energy barrier for surface diffusion. The energy barriers for pathways connecting the lowest energy adsorption sites are calculated using the nudged elastic band method, 29, 30 allowing the atomic positions of the top two layers of the slab to relax.
C. Cs adsorption calculations
We study several configurations for five different surface densities of Cs atoms, corresponding to 1-5 Cs atoms on the simulation cell surface. Cs atoms are placed at random 
where k B is the Boltzmann constant, T = 293K corresponds to room temperature, and the superscript i denotes the i th configuration. The thermodynamically weighted standard deviation, σ Q , is given by
The chemical potential of Cs is defined as the energy released by adding a Cs atom to the surface and is estimated from the average adsorption energies by
The work function is defined as the energy difference W = E vac − E fermi between the energy of the electrostatic potential in the vacuum region, E vac , and the energy of the highest occupied orbital in the slab, E fermi .
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The position distribution of Cs atoms on the surface is calculated using a Gaussian smearing. For the purpose of visualization in figure 3 , the (x, y) coordinates of the Cs atoms are convolved with a truncated 2-D Gaussian function of width σ = 1.75Å (1/ √ 2 times the covalent bonding radius of Cs) and a truncation radius equal to σ. The position distributions are averaged following Eq. (1).
III. RESULTS AND DISCUSSION
A. Mobility of Cs at low coverages Figure 2 shows the low-energy equilibrium positions of a single Cs atom on the (110) and (100) The jump frequency, Γ, for the surface diffusion of an isolated Cs atom between adjacent equilibrium position follows an Arrhenius behavior,
where the prefactor of the jump frequency is approximated as ν ≈ 10 13 Hz for a GaAs surface 15 and ∆E a is the barrier the Cs atom needs to overcome during the jump. Cs densities as observed experimentally in STM studies.
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In contrast, on the (100) surface, at room temperature, the large energy barrier of ∆E a = (100) and (110) surfaces. The Cs surface distribution on the (100) surface shows an interesting dependence on surface density. As shown in Fig. 3(a) , for low Cs coverages, the Cs atoms stay away from the raised dimer reconstruction and are preferentially located in the trenches. As the Cs density increases in Fig. 3(b) , Cs starts to prefer the areas around the dimer and for the highest density studied, Cs atoms preferentially sit atop the dimer reconstruction as shown in Fig. 3(c) . Electron energy loss spectroscopy (EELS) shows the appearance of peaks characteristic to plasmonic oscillations in 2-D metallic islands at a Cs coverage of about 0.5ML. 19 The appearance of these peaks has been interpreted as a phase transformation of the Cs layer in which isolated Cs atoms form 2-D clusters on the GaAs Fig. 3(f) ). This work shows that it is possible to computationally screen materials for surface structures and compositions that effectively lower the workfunction. The computational approach is general and applicable to study the workfunction for the adsorption of other alkali metals like Li, Na and K on various III-V semiconductor surfaces.
